Objective Immunomodulation is a therapeutic technique that modulates the balance of cytokines in the body. In this regard, our experiment was conducted to investigate the potential effect of S. coronopifolius crude extract in combination with low dose of Bacillus Calmette-Guerin (BCG) on depression-like behaviors in female Wistar rats. Methods Sciatic nerve injury was employed to induce depression and intradermal injection of 0.02 mL of BCG per rat was administered to lead an activation of innate immune system. Daily intra-peritoneal injections of 25 mg algae extract kg -1 body weight were performed for 14 continuous days. Forced Swimming (FS) and Open Field (OF) tests were conducted to assess despairing and spontaneous behaviors. At the end of the experiment, brain was removed to determine the activities of catalase (CAT) and glutathione-S-transferase (GST), whereas spleen and adrenals were used for the histopathological study. Results The combined treatment exhibited antidepressant-like activity in FST by reducing immobility time, without inducing any significant change in ambulatory behavior in OFT. The histological analyses of spleen and adrenal structure showed a conserved architecture. Conclusion The results suggested that algae extract produce an antidepressant-like effect in combination with low dose of BCG, which is possibly trigged by its anti-oxidant and anti-inflammatory properties.
INTRODUCTION
Chronic neuropathic pain caused by nerve injury provokes peripheral and central sensitization. 1 That is, patients with neuropathic pain involve emotional disorders such as anxiety and depression. 2 As well, depression is an outspread chronic psychiatric disorder that interferes with social life and work performance. 3 According to World Health Organization (WHO), depression is estimated to become the second leading cause of death and disability in humans by 2020. 4 The most presently available antidepressant treatments are designed to target the Print ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS serotonergic and/or the noradrenergic system in brain. 5 However, many of these antidepressants treatments have a slow onset of action (over 2 weeks) and are effective in only 50% of patients, with serious adverse reactions. 6 This may reflect the heterogeneity of the mechanisms underlying depression, drawing attention to novel therapeutic targets that are not addressed by current antidepressants. 5 Despite the dominance of neurotransmitter research in biological psychiatry, psychoneuroimmunology has developed over recent decades, investigating the role of immune dysfunction and inflammation in major psychiatric disorders. 7 Conjointly, accumulating evidence suggests that cytokines, critical to the neuroimmune response in neuropathic pain, play a central role in the etiology of depressive symptoms. 8 Furthermore, rodent models of depression are also associated with elevated levels of inflammation in the periphery and brain. 9 Thereby, modulation of peripheral inflammation and associated immune signaling pathways may provide an effective way to treat depression. 5 Immunomodulatory
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drugs may have efficacy for depressive symptoms that are comorbidly associated with inflammatory disorders. 10 Over time, so many immunomodulators were introduced like adjuvants, cytokines, glucocorticocoids, minerals, herbs, vaccines and others. 11 The most extensively investigated immunoadjuvant is Bacillus Calmette-Guerin (BCG). 12 The first observation for the use of BCG in enhancement of immune response was evidenced by use of mycobacteria in preparation of Freund's adjuvant in the late 1950s. 13 Furthermore, improvement in the efficacy of specific immunotherapy (SIT) has been attempted by the addition of adjuvants, including BCG. 14 On the other hand, medicinal plants, with lower economic costs and fewer side effects, have proved their curative effect in treating many clinical symptoms, 15 including mental illness. 16, 17 Indeed, many plants are traditionally used by native people for the treatment of neurological health problems. 3 Additionally, the special importance of total plant extracts is that they are easily available products, without purification to apply them in possible prevention of diseases. 18 The red algae Sphaerococcus coronopifolius extract was reported to possess antioxidant, anti-inflammatory, antitumoral and anxiolytic-like activities. [19] [20] [21] The present study was therefore designed to evaluate the potential effects of aqueous extract of S. coronopifolius in combination with BCG on depression-like behavior in female Wistar rats.
METHODS
Algae collection, extract preparation and dose determination
Algae collection, extract preparation and dose determination was carried out as described previously. 21 Briefly, S. coronopifolius was collected on submerged rocks at a depth of 6-7 m in Tiskerth, a small Mediterranean islet in the region of Boulimat, Bejaia, Northeastern Algeria. The Global Positioning Systems (GPS) location is 36°48' N, 4°58' E and the collected plant was identified in the Laboratory of Botany, University of Bejaia, Algeria. DNA barcoding identification was performed to confirm the taxonomic one at the Phycological Lab of the University of Messina, Italy, where the voucher specimen (No. PHL-FF0002) was deposited. The collected algae was dried, ground and then subjected to extraction with distilled water (0.1 g/10 mL). After shaking for 1 h at room temperature and centrifugation at 2,220 rpm during 10 min, the obtained extract was concentrated using a rotary evaporator and stored for the biological tests on animals. Dose determination was performed using the forced swimming test (FST), a standardized test of depressive-like behavior in which depression is inferred from increased duration of immobility. 22 Three doses of algae extract were tested: 15, 25, and 35 mg/kg of body weight. On day 1, an intra-peritoneal injection of algal extract was administered to the animals half an hour after swimming (pre-test). On the second day, two injections were applied, the first one five hours before the test and the second injection one hour before the test. The group with the lowest immobility time was the one treated with a dose of 25 mg/kg of body weight.
Study animals
Healthy female Wistar rats (165±18 g) were obtained from Pasteur Institute of Algiers. Animals were maintained under standard environmental conditions (24±1°C, 12:12 h dark/light cycle). Food and water were available ad libitum. Animals were handled according to the recommendation of the International Ethic Committees Directive 2010/63/EU and the ethical exigencies of the Faculty of Life and Nature Sciences of the University of Bejaia, Algeria. After three weeks of acclimatization period, female rats were randomly divided into five groups (five rats per group):
Control Group: Have not suffered anything and not treated with any drug.
LIG Group: Ligation (Sciatic nerve ligation under general anesthesia).
LIG+AE Group: Ligatured rats treated with 25 mg algae extract kg -1 body weight.
LIG+BCG Group: Ligatured rats vaccinated with BCG at a dose of 10 5 CFU.
LIG+BCG+AE Group: Ligatured rats vaccinated with BCG vaccine and treated with 25 mg algae extract kg -1 body weight.
During the experiment, animals were weighed every 10 days.
Depression induced by sciatic nerve ligation
The sciatic nerve ligation was performed following the protocol of Bennett and Xie 23 modified by Chettoum et al. 24 Briefly, the animals were deeply anesthetized with a ketamine (0.3 mL/100 g)/largactil (10%) mixture (intra-peritoneal) and were fixed in the prone position. A tight ligation of sciatic nerve was performed with 6-0 silk suture. The incisions were sutured and animals were then allowed to recover from the anesthesia. Intra-peritoneal injection of an antibiotic in a volume of 0.3 mL/ 250 g of body weight was administered for five days after surgery to avoid the development of infection or other adverse outcomes.
Application of treatments
Following a 6-day post-operative recovery period, a daily intra-peritoneal injection of 25 mg/kg of S. coronopifolius extract at a dose of 25 mg/kg of body weight was administered for 14 continuous days, at the same time, as previously described. 21 BCG was inoculated intradermally (ID) as a single dose in a volume 0.02 mL/rat containing approximately 10 5 CFU as in-dicated by Yang et al. 25 in day 7 after surgery.
Behavioral assessments
To analyze depressive and locomotor/exploratory activity, the animals were subjected to the behavioral tests starting at day 20 after surgery (following two weeks of treatment).
Forced swimming test
Rats were placed in an aquarium (30 cm large; 40 cm high) containing water at 23±1°C. This dimension ensures that the rats can't escape by climbing to the edges of the device. Two swimming sessions were conducted as described by Estrada-Camarena et al. 26 : an initial 15-min pre-test, followed by a 5-min test 24 h later. The second session was videotaped. After each swimming session, rats were towel dried, placed into heated cages for 30 min, and then returned to their home cages. The time of immobility, climbing and swimming was calculated.
Open field test
Each animal was placed in the center of the apparatus and was allowed to explore the arena for 5 min. The 5 min test was videotaped. The open field arena was cleaned with 70% ethanol after every trial. Time spent in the central area, total distance traveled and the number of rears were calculated.
Organs weights
After conducting depression-like behavior tests, rats were sacrificed under ether anesthesia and organs (brain, spleen and adrenal glands) were removed, rinsed with 0.9% saline solution at 4°C and weighed. The weight of each organ was standardized to100 g per body weight of animals.
Biochemical assays
Preparation of tissue homogenate
The whole intact brain tissue was homogenized in 0.15 M Tris buffer (pH 7.4) and centrifuged at 3000 g at 4°C for 30 min. An aliquot of supernatant was collected and stored at -20°C for the determination of protein level, glutathione-S-transferase (GST) and catalase (CAT) activities.
Estimation of Glutathione-S-transferase activity
GST (EC 2.5.1.18) activity was measured according to the method of Habig et al. 27 It depends on measuring the conjugation of reaction of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced glutathione. The change in the absorbance was recorded at 340 nm and enzyme activity was calculated as nanomoles CDNB conjugate formed/min/mg of protein.
Estimation of Catalase activity
CAT (EC 1.11.1.6) activity was assayed by the method of Aebi. 28 The reaction mixture for the test contains 20 μL of homogenate mixed with 1,255 μL of PBS, and the reaction was started by the addition of 725 μL of H2O2 (54 mmol/L). Change in absorbance is recorded at 240 nm and the catalase activity is calculated as nanomoles/min/mg of protein.
Protein estimation
The amount of protein was measured according to the method of Bradford 29 using bovine serum albumin as a standard.
Histology
Spleen and adrenal glands were fixed in formalin solution (10% V/V), then hydrated in ascending grades of ethanol, cleared in xylene, and embedded in paraffin. Sections of 5 µm thick were cut and stained with hematoxylin and eosin (H & E) for the histological examination.
Statistical analysis
Results were expressed as mean±standard deviation (SD). All statistical tests were conducted using GraphPad Prism 7.0 (Dr. Harvey Motulsky, San Diego, CA, USA). One-way and two-way analysis of variance (ANOVA) were used following by Tukey's multiple comparison test to compare between groups. p<0.05 was considered statistically significant.
RESULTS
Behavior analysis
Results of the forced swimming test are shown in Figure 1 The results of the Open Field test showed significant variation in the evaluated parameters as indicated in Figure 2 . A significant decrease in time spent in central arena was observed [F(4, 13)=6.661, p=0.0038]. The Tukey test indicated this decrease in LIG vs. Control (q=4.575, p=0.0429) and in LIG+ BCG vs. Control (q=5.823, p= 0.0088). Moreover, a significant decrease in the total distance traveled was revealed in LIG+ BCG vs. LIG (q=5.591, p=0.0106) and in LIG+BCG vs. LIG+ AE (q=7.647, p=0.0007). Whereas, no significant differences in the total distance travelled had been found between the following four groups: Control, LIG, LIG+AE and LIG+BCG+ AE. Therefore, locomotor activity of rats was not altered by either the surgery or the treatment with algae extract. On the other hand, significant change in number of rearing was revealed [F(4, 15)=21.1, p<0.0001]. A Tukey test indicated a significant decrease in number of rearing in LIG+BCG vs. Control (q=7.57, p=0.0007) and in LIG+BCG vs. LIG+AE (q=10.5, p<0.0001) and significantly increased in LIG+AE vs. LIG (q= 6.589, p=0.0024) and in LIG+BCG+AE vs. LIG+BCG (q= 10.31, p<0.0001).
Animal body and organ weights
As shown in Figure 3 The results of organs weights showed no significant changes in both spleen [F(4, 10)=0.936, p=0.4816] and adrenals [F (4, 10)=2.125, p=0.1522] between all groups despite the fact that LIG and LIG+BCG groups exhibited a slight increase of adrenal glands weight (Figure 4 ). However, a significant change was observed in brain weight [F(4, 10)=5.634, p=0.0122]. A Tukey test indicated a significant decrease in LIG vs. Control (q=5.561, p=0.0185) and LIG+AE vs. Control (q=5.462, p= 0.0206).
Effects on GST and CAT activities
Ours results showed significant decrease in GST [F(4, 19)= 178.9, p<0.0001] and CAT [F(4, 15)=12.42, p=0.0001] activities in all groups compared to the Control (Figure 5 ). However, there was a slight amelioration in activities of GST in LIG+AE and LIG+BCG+AE as well as CAT in LIG+AE and LIG+BCG groups in comparison with the LIG group.
Histological results
The histological architecture of spleen was preserved in both Control and treated group (LIG+AE), the white and the red pulps were normal ( Figure 6 ). Whereas, in the ligatured group (LIG), spleen structure showed a congestion of the red pulp. In the LIG+BCG and LIG+BCG+AE groups, as a reaction to the tuberculin, histological sections showed the presence of epitheloid granuloma with Langhans giant cells.
In the Control, LIG+AE and LIG+BCG+AE groups, the adrenal glands have displayed normal histology with a large cortical and medullar compartments. The adrenals of both control and treated rat groups, showed normal architecture (Figure 7 ). However, in the ligatured (LIG) as well as BCG groups, microscopic observation revealed the presence of congestion (Figure 7) .
DISCUSSION
In the present study, behavioral, biochemical and histological approaches were applied to investigate the protective effects of S. coronopifolius crude extract in combination with BCG on ligature-induced depression in female Wistar rats. The choice of females in this study is focused on the fact that stress is more likely to affect females than males. 30, 31 Previous studies have shown sex differences in pain perception and in the prevalence of chronic pain. 32, 33 In addition, females have a higher prevalence of psychological complications associated with chronic pain. 34 Furthermore, persistent neuropathic pain is associated with emotional disorders, such as anxiety and depression. 1,2 Previous reports using rodents have shown that pain lasting more than 4 weeks induces emotional dysfunction, such as anxiety or depression-like behavior. 35, 36 In the present work, depression-like behavior was observed in female Wistar rats 3 weeks after sciatic nerve injury. Our results are in accordance with those of Nishinaka et al. 37 in which female mice exposed to MSSI (social isolation after weaning) exhibited depression-like behavior within 3 weeks after partial sciatic nerve Nowadays, natural products, especially polyphenols, have received growing interest due to their potential benefits in treating psychiatric disorders. 5 In this work, we opted for the use of the crude extract despite the fact that conventional drug development claimed the use of a single active principles isolated from plants. 38 Nevertheless, there are instances when attempts to isolate the bioactive metabolites from plant extracts ultimately prove fruitless, since overall bioprospecting effects often rely on synergistic and multivalent interactions between plant components. 39 Therefore, aqueous extract of S. coronopifolius exerted positive effect on depression-like behaviors, which may be related to its richness in antioxidant polyphenols. 19 Different polyphenolic compounds have been observed to have antidepresssant-like effects in rodents and human. 40 The substantial antioxidant and anti-inflammatory activities of polyphenols and their ability to modulate synaptic plasticity may contribute to their mechanisms of action. 41, 42 Recently, it has been established that BCG vaccination exerted neuroprotection in several CNS diseases models. 43, 44 Further, its role as an immune adjuvant in the therapy of mood disorders may be more promising. Nevertheless, there are many studies reported that BCG induced a depression-like phenotype in rodents. 45, 46 In fact, it has been demonstrated that the BCG-induced depressive-like behavior was dose-dependent and the illness (adverse health effect) was observed only in mice receiving no less than 10 7 CFU. 47 Accordingly, the role of BCG as an adjuvant has been examined in our study at low dose in a combination with algae, which showed promising results in the treatment of depression. The dose of 10 5 CFU was selected because of its effectiveness in immune activation, without adverse health effects. 25 Moreover, it was reported that neonatal BCG vaccination at a dose of 10 5 CFU elevated neurogenesis, synaptic plasticity, cognitive function, and the levels of neurotrophic factors in mice housed in a standard environment. 48 The forced swimming test (FST) is a behavioral despair test useful for probing the pathological mechanism of depression and for the evaluation of antidepressant drugs. 49 Antidepressants achieved their effects by reducing immobility time and increase or prolong active escape behaviors. 39 It has been shown that the antidepressant-like actions in FST, which were mediated by the stimulation of 5-HT neurotransmission, induced the increase of active swimming period, whereas the augmentation of NE neurotransmission was related to the enhanced climbing activity. 50 In our study, treatment with algae extract produced a decrease in immobility time accompanied by an increase in climbing time, which suggest the stimulation of the neurotransmission mediated by NE. Noradrenaline plays an important role in the pathophysiology of depression and is used as an effective treatment target. 39 However, the combined treatment with algae extract and BCG showed an increase in swimming time, which indicate the activation of 5-HT receptors. As well, several antidepressants produce their effect by modulation of brain 5-HT levels. 39 It is important to point out that there is no significant difference in immobility time between the group treated by algae extract alone and that treated by the combination treatments, which suggest that immunomodulatory responses that might have been induced by BCG require more than two weeks.
The open field test (OFT) is used in combination with the FST to discard non-specific actions of antidepressant treatments. 51 It was reported that drugs inducing increase in motor activity may give a 'false' positive effect. 52 This test evaluates the reaction of an animal towards a new and spacious environment. It creates a conflict between the tendency of rodents to find a place to hide, and their aversion to open spaces. 53 The results from open field test suggested that the combination of algae extract and BCG, at the doses that produced an anti-immobility response, did not show significant locomotor stimulation or inhibition. Therefore, the reported antidepressant-like effect of these treatments was not due to its psychostimulant action. 54 It has been reported also that low-molecular proanthocyanidins from grapes, applied to mice, exerted antidepressant-like effects in behavioral despair tests but did not affect locomotor activity. 55 Our results have showed that the combination of algae extract with BCG increased rearing in comparison with non-treated rats, which supports the antidepressant-like activity of this this combination. It has been found that normal rats show increased rearing and grooming in a novel open field, which is driven by the instinct interests of rats to explore a novel environment. 56 Latterly, oxidative stress was linked with pathophysiology of depression. Oxidative stress damage involves the oxidation of proteins, nucleic acids, membrane lipids, etc. by free radicals, leading to cell degeneration and even death, which is one of the important mechanisms of depression. 57 The brain has a large potential oxidative capacity but a limited ability to counteract oxidative stress. Cells in the central nervous system are more sensitive to toxic effects of ROS, than cells in other organs of the body. 58 The present study revealed an important decrease in GST and CAT activities in brain tissue of ligated female rats. It should be noted also that after 2 weeks of treatment with algae extract in combination with BCG, GST and CAT activities remain significantly lower than that in the control group. In line with our results, Sarandol et al. 59 showed that six weeks of antidepressant treatment with either reboxetine, sertraline, or venlafaxine did not change oxidative-antioxidative system parameters. Furthermore, it was suggested that long-term treatment of at least 12 weeks is needed for oxidative and anti-ox-idative system parameters to be changed. 60 Currently, increased appetite and weight gain have been identified as a common symptom of depression as well as other disorders involving emotional distress. 61 In our study, the female rats with depression showed an increased body mass. Indeed, studies on animals under stress conditions have pointed out that food intake could be either stimulated or inhibited. 62, 63 In contrast, it was observed a decrease in body weight in LIG+ BCG group 3 days after BCG inoculation accompanied with a decrease in motor activity. These core symptoms constitute the sickness behavior, or behavioral changes that accompany immune response. 64 However, these sickness behaviors return to normal by a few days after inoculation of BCG. 22, 47 In our case, the female rats started to regain weight 2 weeks after inoculation. Interestingly, the group treated with a combination of algae extract and BCG showed a balance of body weight, which suggest the beneficial effects of algae extract on sickness behaviors-induced by inoculation of BCG.
The histological analysis of the spleen is particularly important because it gives insight to the presence of the spleen structural components that make the cell potential on which depends its defensive function. 65 Chronic stress has been described to induce structural alterations in splenic lymphoid tissue in rats. 66 Granulomatous inflammation, which is a distinctive pattern of chronic inflammatory reaction characterized by focal accumulation of activated macrophages, can generally develop an epitheloid appearance. 67 Epitheloid cells can fuse to form giant cells with diameter of 40-50 µm. These giant cells have a large mass of cytoplasm with 20 or more nuclei arranged haphazardly or in a horseshoe pattern peripherally-the Langhans type. 67 Along with, chronic stress is known to promote a disruption of the HPA axis, usually indicated by increased levels of corticosterone in the serum of rodents. 68 Thus, hypertrophy of the adrenal gland was observed. 69 In the present investigation, increased adrenal activity as shown by increased adrenal weight in ligatured rats indicate the activation of the HPA axis. Nonetheless, normal weight of adrenal gland in rats treated by S. coronopifolius extract alone or combined with BCG indicated that these treatments prevented the depression-induced activation of adrenocortical activity. Supplementary, the repeat restraint and exogenous corticosterone have low adrenal gland weight. 66 In summary, the present study examined the mechanisms of the potential antidepressant-like actions for S. coronopifolius extract in combination with low dose of BCG. This study elicited algae extract as the principal drug for the treatment, whereas BCG served as an adjuvant. Our results provides the first evidence indicating that aqueous extract of S. coronopifolius exhibited antidepressive-like effect while BCG inoculation provided no significant benefit, suggesting that immunomod-ulatory responses that might have been induced by BCG require more than two weeks. Obviously, the combination treatment of algae extract with BCG can attenuated depression-like behaviors in stressed female rats through its anti-oxidant and anti-inflammatory properties following at least three weeks. Further investigations should be geared towards using herbal immunomodulators in order to evaluate a potential synergistic effect with algae extract in the treatment of depression.
